Two experiments were conducted to compare whole, raw soybeans (WSB), extruded soybeans (ESB), and soybean meal + barley (SBM+BAR) as supplemental protein sources for growing beef steers consuming low-quality, mature grass hay (6.5% CP). In Exp. 1, a 23-d digestion study, four ruminally cannulated steers were assigned to the following treatments in a 4 x 4 Latin square design: 1) control, no supplement; 2) 1.5 kganimal-l.d-l ofWSB; 3 ) 1.36 kganimal-l-d-l of ESB; and 4 ) 1.48 kg.animal-l.d-lof 62%:38% SBM+BAR. Apparent DM digestibility was increased by supplementation ( P < .lo), but NDF digestibility was not changed ( P > .lo). No differences in digestibility were observed among supplement treatments ( P > .lo). In situ rate and extent of supplement CP disappearance in Dacron bags did not differ among supplements ( P > .lo), but extent of DM disappearance was greater for WSB than for ESB ( P < .lo). In situ rate of forage NDF disappearance was decreased by protein supplementation ( P = . l o ) . In Exp. 2, 40 Polled Hereford and Red Angus x Simmental weanling steer calves were stratified by weight (average BW, 250 kg) and allotted randomly to one of two replications of the four treatments used in Exp. 1 (eight pens, five animals per pen). Forage DMI was not affected by treatment ( P > .lo). Average daily gain and feed effkiency were increased by supplementation ( P < .05). Supplement source had no effect on intake or ADG ( P > .lo), but ESB tended to exhibit better feed efficiency than WSB ( P = .lo). In conclusion, WSB and ESB seem to be as effective as SBM+BAR protein supplements for growing beef cattle. In addition, WSB and ESB, at the levels used in these experiments, can be incorporated into diets for cattle consuming low-quality roughage without deleterious effects on fiber digestion or subsequent performance.
Introduction
Whole, raw soybeans ( WSB) have been considered by many producers in the United States as an alternative source of supplemental protein. Substitution of WSB for soybean meal as a supplement for growing cattle can provide similar gains (Edwards et al., 1969) and be economical (McCormick et al., 1983; Mader, 1988) . Lower DMI has often been associated with feeding whole, raw soybeans to ruminants compared with soybean meal (Palmquist and Conrad, 1971; Erickson and Barton, 1987) . A greater energy density in WSB and extruded soybeans (ESB) will allow animals to consume the same amount of energy with less DMI.
Most research in feeding WSB or ESB to ruminants has been conducted using roughage of relatively high quality, such as in feedlot and dairy diets. Research involving the use of these soybean products with lowquality roughage diets is lacking. Supplemental protein may constitute a substantial portion of the feed cost in growing beef cattle diets, and at certain times WSB and(or) ESB can offer an economical advantage over soybean meal supplements. Low-quality roughages are abundant and can provide an economical source of feed if strategies to utilize them effectively are implemented. The purpose of the present study, therefore, was to compare the effects of WSB, ESB, and soybean meal + barley ( SBM+BAR) supplements on the intake, utilization, and performance of beef steers fed a low-quality grass hay. Table 1 . Steers were individually housed in 3-m x 6-m pens and had access to water and a 2:l mixture of trace mineralized salt6 and dicalcium phosphate.
Each period of the Latin square consisted of a 14-d adaptation period followed by a 7-d intake and fecal collection period. On d 15 through 21 at 0800, hay refusals were weighed and a 10% aliquot was retained. Supplement was then offered individually in separate feed bunks. After sampling hay refusals, chopped hay was offered individually at 120% of the previous day's as-fed forage intake. Samples of 100 g each of hay and supplements were taken daily. On d 14 at 1500, fecal collection bags were placed on the steers. On d 15 through 21 at 1500, total fecal collections were weighed and sampled at 2.5% of the daily fecal output.
Feed refusals, feed, and fecal samples were dried at 50°C for 72 h and saved for future laboratory analysis. Dry matter values of feed refusals and feed were used to calculate DM intakes. All the samples were composited by individual animal and period, ground to pass a 1-mm screen, and analyzed for DM and ash by standard procedures (AOAC, 1984) . Feed and feed refusal samples were analyzed for CP by the macroKjeldahl method (AOAC, 1984) . Acid detergent fiber and NDF were analyzed for all samples (excluding ADF for fecal samples) using a modified micro method (Waldern, 1971 ) of the procedure described by Goering and Van Soest (1970) .
In situ rate and extent of protein (for supplements) and NDF digestion (for the basal hay) were determined using methods described by 0rskov (1982) . One-gram samples of each supplement and 4-g samples of the basal hay were ground to pass a 2-mm screen and placed in N-free Dacron bags (Ankom, Fairport, NY; 5 cm x 10 cm for supplements and 10 cm x 20 cm for hay). Bags with sample and empty bags used as blanks were allowed to digest in the rumen for 3, 6, 9, 12, 18, and 24 h for supplements and 6, 12, 18,24, 36,48, 72 , and 96 h for hay. All bags were removed at the same time on d 22, rinsed thoroughly, and dried for 72 h at 50°C. Dry weights were recorded to determine DM disappearance. Residual N was determined by the macro-Kjeldahl method for remaining supplement and bag and for the blank bags to account for possible microbial and(or) other sources of N attachment. Residual NDF was determined for hay samples by a micromethod as described by Waldren (1971) . Rate and lag time of protein and NDF digestion were calculated using log transformations and linear regression as described by Mertens and Loften (1980) . On d 22 of each period ruminal fluid samples were collected at 0, 3, 6, 9 and 12 h after supplemental feeding. Ruminal fluid samples were kept at 39°C in a water bath and immediately transported to the laboratory, where pH was determined using a combination electrode. Ruminal fluid samples not used for pH determination were treated ( a t the sampling site) with 25% metaphosphoric acid and .1 N HC1 in a 1:l dilution, frozen at -2O"C, and stored for future analysis of VFA and NH3, respectively. Ruminal VFA concentrations were determined by gas chromatography (Supelco, 1990) using a fused silica capillary column (Alltech Associates, Deerfield, IL) in a gas chromatograph (5890 Series I1 gas Chromatograph; Hewlett Packard, Analytical Group, San Fernando, CAI. Ruminal NH3 concentration was analyzed by quantitative enzymatic determination (Sigma Chemical, 1990) using a narrow-bandwidth U V spec-ALBRO trophotometer (Model W 160, Shimadzu, Kyoto, Japan).
On d 23, entire ruminal contents were evacuated at 0 h (prefeeding) and 5 h after supplemental feeding to measure digesta kinetics. Ruminal contents were weighed, mixed, subsampled, and immediately replaced in the steers. Subsampled ruminal contents were subsequently dried at 50°C for 72 h to determine DM percentage and DM fill. Ruminal evacuation samples were ground to pass a 1-mm screen and saved for analysis of indigestible ADF ( IADF) as described by Cochran et al. (1986) . Indigestible ADF was measured as an internal marker to determine passage rate (percentageihour) and flow rate (grams/hour).
Statistical Analysis. Data pertaining t o intake, digestibility, and in situ rate and extent of digestion were analyzed as a Latin square design using the GLM procedure of SAS (1985) . Terms in the model were steer, period, and treatment. Digesta fill variables and fermentation characteristics were analyzed as a Latin square design, split plot in time with respect to sampling times. Whole plot main effects were steer, period, and treatment, and the error term was derived as described by Steel and Torrie (1980) . Dependent variables that displayed a treatment x time interaction (sub-plot variables) were analyzed within time periods using the residual sums of squares as the error term and are presented graphically. Differences among treatments for all variables above were noted by predetermined contrasts for 1) control vs supplemented treatments, 2 ) WSB and ESB vs SBM+BAR, and 3 ) WSB vs ESB.
Experiment 2: Performance Study
Forty Polled Hereford and Red Angus x Simmental weanling steer calves (average BW, 250 kg) were used in a 112-d performance trial comparing various soybean supplements on low-quality, mature grass hay (CP = 6.5%). Steers were stratified by weight and within stratum allotted randomly to two replications of the same four treatments listed for Exp. 1. Approximately 71% of the CP requirement (NRC, 1984) was supplied by the supplements. A 10-d adaptation period was used to allow the steers to adjust to the diet before the initiation of the experiment.
Full BW of steers were recorded at 28-d intervals during the trial to determine ADG and feed efficiency. Weights, on two consecutive days, were recorded and averaged at the beginning and ending of the trial. On the second weigh day at the beginning of the trial, steers were injected with 5 mL of Ivermectin (MSDAGVET Division of Merck & Co., Rahway, N J ) for parasite control.
Steers were housed in semi-enclosed pens and fed both supplement and hay in large wooden bunks. Each day at 1600, hay refusals from previous feedings were pushed to the rear of the bunks and supplement was ET AL.
offered. Steers were allowed approximately 15 min to consume all the supplement. Chopped hay was subsequently weighed, recorded, and made available on an ad libitum basis after supplemental feeding.
Hay refusals were removed from the bunks once weekly, weighed, recorded, and subsampled. Supplement refusals were not present because of total consumption. A 100-g sample of the hay refusal subsample was then dried at 100°C for 24 h for DM determination. Basal hay and supplements were also subsampled by taking 100 g weekly. These samples were dried at 55°C for 48 h for DM determination and then composited across each period of the trial. Dry matter values of the basal hay, hay refusals, and supplement were used to determine total and forage DMI. Composited samples were saved for laboratory analysis using methods described for Exp. 1.
Statistical Analysis. All data pertaining to intake, gain, and feed efficiency were analyzed as a completely randomized design with effects for treatment, using the GLM procedure of SAS (1985) . The experimental unit was each pen of animals. Contrast statements were predetermined as in Exp. 1.
Results and Discussion

Experiment 1: Digestion Study
Supplementation did not affect forage DMI ( P > .lo; Table 2 ); however, steers supplemented with WSB had a higher forage DMI than did steers fed ESB ( P < .lo). Total DMI was increased with supplementation ( P < .lo). The increase was most likely a result of the supplement provided, because voluntary intake of feed can be influenced by N in the diet (Van Soest, 1982) .
Apparent DM digestibility was increased with supplementation ( P < .lo; Table 2 ). Within soybean supplements, soybean protein source had no effect on DM or NDF digestibility ( P > .lo). This finding is in agreement with previous research (McCormick et al., 1983; Stern et al., 1985) . Other researchers have reported a decrease in DM digestiblity when raw soybeans were compared with soybean meal supplements and have concluded that the fat content was the cause (Palmquist and Conrad, 1971; Erickson and Barton, 1987) . Digestibility of NDF was not affected by treatment; this may support the theory that adequate fiber content in the diet may reduce the negative effect of fat on fiber digestibility (Erickson and Barton, 1987) .
A treatment x time interaction was noted for ruminal DM fill estimated by ruminal evacuations ( P < .lo; Table 3 ) . No differences in DM fill were observed at 0 h after supplementation, but at 5 h after supplementation, supplemented treatments had a greater DM fill by nearly 50% ( P < .lo). This agrees with the results of DelCurto et al. (19901, who also observed increases in DM fill with protein supplementation. Steers fed WSB and ESB had a greater DM fill than did steers fed SBM+BAR ( P < .lo). Intake of IADF and flow rate (grams/hour) were greater ( P < .05) in steers fed WSB than in those fed ESB.
Supplementation did not influence IADF fill (kilograms) or passage rate (percentage/hour; P > .lo), suggesting that the basal forage component was exposed to ruminal fermentation for the same length of time among all treatments.
Fermentation Characteristics. Ruminal pH was reduced with supplementation ( P c .lo; Table 41 , a result of the higher VFA concentration of the supplements fed ( P < .lo). Individual molar proportions of acetate were decreased with supplementation ( P < . l o ) , but the ratio of acetate to propionate was not affected ( P > .lo>. Isobutyrate and isovalerate proportions were increased by supplementation ( P < .lo). Butyrate, although it did not show a treatment x time interaction, was affected by supplement source. Butyrate molar proportion was higher for SBM+BAR ( P < .05) than for WSB and ESB. This is in agreement with the results of Keele et al. (19891, who reported decreased proportions of butyrate when ESB were fed to nonlactating cows. Keele et al. (1989) concluded that ruminal protozoa numbers may have been decreased by an increased intake of long-chain fatty acids in the ESB. In contrast, Annexstad et al. (1987) found an increase in butyrate production when high levels of ESB were fed in concentrate rations to dairy cattle.
Valerate was the only VFA to exhibit a treatment x time interaction ( P < .lo; Figure 1 ). Valerate was higher at at all collection times for supplemented treatments ( P < .051. Steers supplemented with SBM+BAR had an increased valerate production compared with steers supplemented with WSB and ESB at 3 h after feeding ( P < .05). Other studies comparing different soybean supplements have failed to find differences in ruminal VFA production (Perry and Macleod, 1968; Van Dijk et al., 1983; Stern et al., 1985) . Ruminal ammonia exhibited a treatment x time interaction ( P < .lo; Figure 2 ) . Supplementation increased ruminal ammonia levels at all sampling times ( P < .05). During h 3, ammonia production was highest on supplemented treatments; SBM+BAR had a higher ammonia release at 3 h than WSB and ESB ( P < .05). Ammonia levels during h 6 to 12 remained similar among supplemented treatments. Extruded soybeans had a more uniform release of ammonia throughout the 12-h period. Whole soybeans were also more uniform in ammonia release than was Figure 2 . Influence of soybean supplement source on ruminal ammonia concentration. Differences among treatments are denoted on the x-axis. Control vs supplemented treatments (a), whole soybeans (WSB) and extruded soybeans (ESB) vs soybean meal + barley (SBM+B) (b), and WSB vs ESB IC) (P < .05).
SBM+BAR. Other studies have reported slower ammonia release from ESB than from soybean meal (Cleale et al., 1985) and also slower release from WSB than from soybean meal (Davis and Stallcup, 1967; Erickson and Barton, 1987) . These data suggest that WSB, when fed in the whole state, have a slower rate of degradability than does soybean meal. In this study, the physical form of the soybean supplement due to processing may have been more important in affecting ammonia production than was the lipid fraction of the supplement. Davenport et al. ( 198 7) reported similar ammonia release values for ground raw soybeans and soybean meal.
In Situ Dacron Bag Experiment. Rates (percentage/ hour) and lag times (hours) of the DM disappearance of supplements did not differ ( P > .lo; Table 5 ) .
Extent of supplement DM disappearance was 17.7% greater for WSB than for ESB ( P < .lo) and tended to be greater for WSB than for SBM+BAR ( P = .14). Whole soybeans for this experiment were ground to < 2 mm in diameter, which allowed more surface area for microbial attachment, thus enhancing DM disappearance. Rate, lag time, and extent of CP disappearance did not differ among treatments ( P > .lo).
Soybean meal + barley tended to exhibit nearly a twofold greater rate of CP disappearance than did WSB and ESB ( P = .16). This suggests that the lipid component may have aided in slowing the rate of CP disappearance (Glenn et al., 1977) . Whole soybeans tended to have a greater extent of CP disappearance than did ESB ( P = .13). This is in agreement with the findings of Stern et al. (1985) , who reported that ground, raw soybeans exhibited a higher extent of CP degradation than did extruded soybeans and soybean meal. Processing methods of the supplements are most likely the reason for differences in this study. Extruded soybeans undergo considerable heating during processing, and this could explain the lower rate and extent of CP disappearance. The larger extent of CP disappearance in WSB supports research reported by Illg and Stern (19901, who reported a CP disappearance of nearly 90% in WSB. This may be because the WSB were ground for in situ analysis. Crude protein disappearance of whole oilseeds by in situ or in vitro methods may be an overestimate because of normal procedures used to prepare samples, such as grinding. Feeding the whole or unground seeds may slow the release of nutrients during ruminal fermentation (Earleywine, 1989) . When the whole seeds are ground for analysis, then this factor is removed. It has been suggested that the best analysis may be to estimate a normal level of mastication and process seeds used for analysis accordingly (Earleywine, 1989) .
Lag time of forage DM and NDF disappearance was increased by supplementation ( P < .lo; Table 51 , whereas rate of NDF disappearance tended to decrease with supplementation ( P = .lo). No differences in extent of forage DM or NDF disappearance were bControl vs supplemented treatments differ ( P < .05).
W S B vs ESB differ ( P = .lo).
found among any treatments ( P > .lo). This suggests that the overall extent of forage DM and NDF digestibility was not influenced by supplementation or supplement source. As mentioned earlier, NH3 levels were lowest for the control diet but adequate to support microbial growth (Satter and Slyter, 1974) and provide fermentation of the forage component similar to that of the supplemented treatments. In this study, total tract digestibility and ruminal kinetics data seem to support the in situ data.
Experiment 2: Performance Study
Forage DMI was similar among treatments; however, WSB and ESB exhibited a trend to lower forage DMI compared with SBMtBAR ( P = .11; Table 6 ). This agrees with previous research that reported decreased DMI when whole or extruded soybeans were fed compared with soybean meal supplements (Palmquist and Conrad, 1971; Erickson and Barton, 1987; Mader, 1988) . Differences in forage DMI between WSB and ESB were not found, which is in contrast to the findings in Exp. 1 but agrees with previous research (Block et al., 1981; Van Dijk et al., 1983; Stern et al., 1985) . The slight decrease in forage DMI may have been associated with the increased energy density from the lipid portion of the WSB and ESB (Davenport et al., 1987) . The lipid portion in the WSB and ESB treatments was estimated to be < 4% of the daily DMI. Levels of fat > 5% have been associated with reduced performance in ruminants (Shirley, 1986) .
It was observed that steers fed the control diet consumed more forage during the first 4 wk of the experiment than did steers on WSB or ESB treatments. During the last 8 wk of the trial, it was observed that control steers consumed less forage than did supplemented steers. This suggests that deleterious effects caused by lack of protein in the control treatment took a period of time t o be exhibited. In addition, supplemented steers were growing faster, and therefore they consumed more forage. Other research that reports no influence in intake due to protein supplementation suggests that protein may not be a limiting factor in the diets (Rittenhouse et al., 1970; Kartchner, 1980) . Protein supplementation increased ADG by more than twofold ( P < .05) and feed eficiency by nearly twofold ( P < .05; Table 6 ). Average daily gains were not influenced by source of soybean protein ( P > .lo), but steers fed ESB tended to exhibit better feed efficiency than steers fed WSB did ( P = .lo). The more efficient gains by steers fed ESB may reflect a lower amount of degradable CP (Davenport et al., 1990) .
The data above support the practice of substituting WSB and ESB for soybean meal supplements when it is economical (McCormick et a] ., Van Dijk et al., 1983; Mader 1988) . The results also suggest that whole, raw soybeans and ESB can be incorporated into growing diets for cattle consuming low-quality roughage.
Implications
Whole, raw soybeans and extruded soybeans fed at 1.5 and 1.36 kgeanimal-l-d-l, respectively, may be used as a substitute for a mixture of soybean meal and barley to improve steer growth when low-quality roughages are fed. This study supports numerous reports of increased animal performance and forage utilization resulting from protein supplementation.
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